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Abstract 

The non-mesonic weak decay of double-A hypernuclei is studied within a microscopic diagram¬ 
matic approach. Besides the nucleon-induced mechanism, AN —> nN, widely studied in single-A 
hypernuclei, additional hyperon-induced mechanisms, AA —> An, AA —>• S°n and AA —>• Ti~p, are 
accessible in double-A hypernuclei and are investigated here. As in previous works on single-A 
hypernuclei, we adopt a nuclear matter formalism extended to finite nuclei via the local density 
approximation and a one-meson exchange weak transition potential (including the ground state 
pseudoscalar and vector octets mesons) supplemented by correlated and uncorrelated two-pion- 
exchange contributions. The weak decay rates are evaluated for hypernuclei in the region of the 
experimentally accessible light hypernuclei AA^ e an d aa^- Our predictions are compared with a 
few previous evaluations. The rate for the A A —> An decay is dominated by I\~, K*— and 77 - 
exchange and turns out to be about 2.5% of the free A decay rate, T^ ee , while the total rate for 
the AA —>• E°n and AA —>• T,~p decays, dominated by 7 r-exchange, amounts to about 0.25% of 
T% ee . The experimental measurement of these decays would be essential for the beginning of a 
systematic study of the non-mesonic decay of strangeness —2 hypernuclei. This field of research 
could also shed light on the possible existence and nature of the R-dibaryon. 
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I. INTRODUCTION 


Strangeness nuclear physics plays an important role in modern nuclear and hadronic 
physics and involves important connections with astrophysical processes and observables as 
well as with QCD. In particular, the weak decay of A hypernuclei is the only actual source 
of information on strangeness-changing four-baryon weak interactions. A great variety of 
theoretical and experimental studies were performed on the decay of such systems. Let us 
mention the experimental and theoretical analysis of nucleon-coincidence emission spectra 
and the theoretical modeling of the decay channels within complete one-meson-exchange 
weak transition potentials, which in some case have been supplemented by a two-pion- 
exchange mechanism. A reasonable agreement between data and predictions have been 
reached for the mesonic and non-mesonic decay rates, the T n /T p ratio between the neutron- 
and the proton-induced decay widths, the r 2 /r NM ratio between the two-nucleon induced 
and the total non-mesonic rates, and the intrinsic asymmetry parameter a\ for the decay 
of polarized hypernuclei [1], Nevertheless, discrepancies between theory and experiment are 
still present for the emission spectra involving protons [2], 

Despite their implications on the possible existence of dibaryon states and multi¬ 
strangeness hypernuclei and on the study of compact stars, much less is known on strangeness 
—2 hypernuclei. Little information is available on cascade hypernuclei, for instance on the 
5-nucleus potential. The existence of the strong 5 ~p —> AA reaction makes 5 Hypernuclei 
unstable with respect to the strong interaction. However, this conversion reaction can be 
exploited to produce double-A hypernuclei. 

Investigations on the structure of double-A hypernuclei are important to determine the 
AA strong interaction, which is poorly known at present. Indeed, only a few double-A 
hypernuclei events have been studied experimentally up to date. In KEK experiments, 
IaH, ® A He and A A Be have been identified, while less unambiguous events were recorded 
for AA He and AA Be in the 60’s and for AA B in the early 90’s [3]. The observation of the 
so-called NAGARA event implies a weak and attractive AA interaction, i.e., a bond energy 
AL?AA( AA He) = Haa(aaH 6 ) — 2RA(lHe) = (0.67 ± 0.17) MeV [4], In Ref.[5] the authors 
demonstrated that this bond energy value, which will be employed in the present work as 
the binding energy between the two A’s, describes well double-A hypernuclear data in the 
mass range from 6 to 13. Future experiments on strangeness —2 hypernuclei will be carried 
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out at J-PARC [6] and FAIR (PANDA Collaboration) [7]. 

On the weak interaction side, double-A hypernuclei offer the opportunity to access the 
following A- induced A decay channels: AA — > An, AA — > E~p, AA — > E°n (with a AS = 1 
change in strangeness) and AA — > nn (AS = 2). The initial AA pair is coupled to S = 0 and 
J = 0, thus only two non-mesonic decay channels are accessible: 1 Sq —> 1 S' 0 and 1 S 0 —)- 3 P 0 
in spectroscopic notation. No data is available on these decays, apart from the claim for the 
observation of a single event at KEK [8]. The experimental signature of a AA —> An decay 
is clear, i.e., the emission of a large momentum A (~ 425 MeV), but the major problem is 
that these events are expected to be rather rare. The usual neutron- and proton-induced 
decays, An —> nn and A p —> np, dominate over the A-induced ones in double-A hypernuclei. 

Realistic calculation and improved measurements of the A-induced A weak decays could 
also provide hints on the possible existence of the long-hunted //-dibaryon. A reliable 
calculation is important in the design of future experiments at J-PARC and FAIR, where 
these weak processes could be unambiguously observed for the first time. 

Only a few predictions are available for such interesting strangeness-changing processes 
[9-11]; unfortunately, there are major disagreements among the predictions of these works, 
which adopted different frameworks. Their results are discussed in the following together 
with the new ones obtained here. 

In this paper we present a microscopic calculation of both the A- and nucleon-induced 
A decay rates for double-A hypernuclei by using a nuclear matter formalism (the AA —> nn 
decay channel is not considered here since, requiring a strangeness variation of 2 units, it 
is much less likely then the other A-induced processes); results for finite hypernuclei in the 
mass range of the empirically interesting j^Be and systems are reported within the local 
density approximation. The same microscopic approach showed that Pauli exchange and 
ground state correlation contributions are very important for a detailed calculation of the 
rates, the asymmetry parameter and the nucleon emission spectra in the non-mesonic weak 
decay of A hypernuclei [2, 12-14], Less pronounced effects have been reported by including 
the A-baryon resonance in the microscopic approach [15]. 

The paper is organized as follows. In Section II we present the theoretical formalism 
employed for the evaluation of the decay rates. In Section III the numerical results are 
discussed and compared with previous calculations. Finally, in Section IV we draw our 
conclusions. 
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II. FORMALISM 


Let us start by writing the total non-mesonic decay rate for a double-A hypernucleus as: 

Tnm = r N + Ta , ( 1 ) 

where: 

r N = r(An ->■ nn) + T(Ap ->■ np ) = T n + T p , (2) 

T a = r(AA ->• An) + r(AA -)■ E°n) + T(AA -> E"p) (3) 

= r An + r + r , 

are the total nucleon- and A-indnced decay rates, respectively. The definitions of the partial 
rates T„, T p , T An , rso n and T s - p are self-explanatory. We do not consider two-baryon 
induced decay mechanisms. 

As in previous papers on A hypernuclei, we adopt a microscopic formalism. In this 
many-body technique the calculation is performed in infinite nuclear matter and then it is 
extended to finite nuclei through the local density approximation (LDA) [16]. 

The many-body contributions we consider for describing the AA —>■ YN processes in 
nuclear matter are given by the Goldstone diagrams of Fig.l. They provide the various 
decay widths through the relation Tj = — 2ImEj A , S^ A being the AA self-energy and 
/ = An, E °n and E“p denoting the possible final states. 



FIG. 1: Goldstone diagrams for the evaluation of the AA —> An, AA —> E°n and AA —>• E p decay 
rates in infinite nuclear matter. 
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Let us consider infinite nuclear matter with Fermi momentum k F and denote the four- 
momenta of the initial A’s with k = (. ko , k ) and k' = (k' 0 , k') and the four-momenta of the 
final particles by p\ = (pio,Pi) (hyperon) and p 2 = (P2 0 ,P 2 ) (nucleon). In a schematic way, 
for the Goldstone diagrams of Fig. 1 one obtains the partial decay width to the YN (= An, 
Y°n and Y~p) final state as follows: 

r YN (k,k F ) = £ | {/| W A ^ rAr |0> fcj . \ 2 6(E f - E 0 ) , (4) 

/ 

where \/ AA ^ 1JV i s the weak transition potential, |0)fc F denotes the initial state with energy 
Eq including the nuclear matter ground state and the two A’s in the Is level, and |/) the 
possible final states with energy Ef including nuclear matter and the YN pair. Note also 
that momentum conservation, i.e., k' = p\ + p 2 — k , implies that only one of the initial 
momenta (k) is an independent variable once px and p 2 are integrated out, as in Eq. (4). 

The decay rates for a finite hypernucleus are obtained from the previous partial widths 
via the LDA: 

T yn = j dk |'0A(fc)| 2 J dr\i(jA(r)\ 2 TY N (k,k F (r)) . (5) 

This approximation (see also Appendix A) consists in introducing a local nucleon Fermi 
momentum k F (r) = {37r 2 p(r)/2} 1//3 in terms of the density profile p(r) of the nuclear core 
and then in averaging the partial widths over the nuclear volume. This average is weighted 
by the probability per unit volume of finding the A which then transforms into the final 
nucleon at a given position r, |'0a(t’)| 2 . A further average is performed over the momentum 
distributions of the A, ?A\(fc) (both initial A’s lies in the lsi /2 single-particle state). The 
calculation is performed for donble-A hypernuclei with mass number A = 10-13 in order 
to mimic the behavior of the experimentally accessible finite hypernuclei AA^e and aaB- 
As in Ref. [9], for the function we use a lsi /2 harmonic oscillator wave-function; its 

frequency hui = 13.6 MeV is obtained from the fit of Ref. [17] of the experimental binding 
energies of aa^-G, AA.Be and a\B- The energies of the initial A with momentum k is given by 
ko = niA + k 2 /(2?tta) + Va, where for the binding term we adopt the value Va = = —13.6 

MeV. 

Before we give explicit expressions for the decay widths in nuclear matter, it is convenient 
to show the general form of the weak transition potential. The standard weak, strangeness- 
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changing transition potential for the AA —>■YN processes can be written as: 


where 


V AA ^ YN (q) = 0 T V T {q), O t 

T= 0,1 


1 for r = 0 

5 

ri • r 2 for r = 1 


( 6 ) 


K(<?) = ( G F m\) {S T (q) (T 1 ■ q + S' T (q) a 2 • q + P LiT (q)cr 1 ■ q cr 2 • q 
+P c ,r(q) + P T ,r(q)(o-i X q) • (cr 2 X q) 

+iS V:T (q)(cr 1 X <r 2 ) • <?} . (7) 

The functions S T (q), S' T (q), PL, T (q), Pc, T (q), Pr,r(q ) and Sv, T (q) contain baryon-baryon 
short range correlations and vertex form factors and are taken from the Appendix B of 
Ref. [18], with the modifications concerning the baryon coupling constants discussed in the 
Appendix B of the present paper. The values r = 0,1 stand for the isoscalar and isovector 
parts of the interaction, respectively. 

To enforce antisymmetrization, for each one of the contributions of Fig. 1 we also consider 
the corresponding exchange contribution. In Fig. 2 we give the direct and exchange diagrams 
for AA — > An. Through the standard rules for Goldstone diagrams one writes down the 


dir exch 



FIG. 2: Direct and exchange Goldstone diagrams for the AA —> An decay. 

explicit expression for these contributions. After performing the summations over spin and 
isospin together with the energy-integration one obtains the antisymmetrized decay rate: 

r = *(G F ml) 2 j AEL J A£L( 2 W„ d ng)-W^,Q)) 

X0(|p 2 | - k F ) 8(k 0 + k' 0 - E A (p 1 ) - E n (p 2 )), 
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where E\ (E n ) is the total A (neutron) energy, while q = k — p± and Q = P 2 — k. For the 
direct term, the momentum matrix-element of the interaction turns out to be: 

< r (?) = {So 2 (<?) + S?(q) + PlM + P 2 c,M + 2 PlM + 2 S 2 Vfi (q)} , (8) 

while for the exchange term we have: 

W eX ch(q,Q) = (q • Q)S 0 {q,Q) + (2{q ■ Q ) 2 - l)P L , 0 (q)P L ,o(Q) 

+2((q ■ Qf ~ 1)PtMPt,o(Q) 

-2 (q ■ Q) 2 (PlMPt,o(Q) + Pl,o(Q)PtM) 

+P c ,o(q)P C ,o(Q) + Pc,o(q)Pl,o(Q) + Pc,o(Q)PlM 
+^(Pcp(q)Pt,o(Q) + Pc,o(Q)Pt,o(q)) > (9) 

where we have dehned: 

So (q,Q) = (S Q (q) + S’ 0 (q))(S 0 (Q) + S^m 
-2(S 0 (q)SvM) + SvMSom 
+2(S' 0 (q)S Vt0 (Q) + SvMSMQ)). (10) 

Note from Eqs. (8)-(10) that, being the AA —> An weak potential of isoscalar nature, we 
have fixed r = 0 in Eqs. (6) and (7). In Appendix B we present explicit expressions for the 
AA —> E°n and AA —» T,~p decay rates. 

We assume the A/ = 1/2 rule on the isospin change to be valid for all weak transition, 
although it is phenomenologically justified only for the ANn weak free vertex. Thus, by 
neglecting the small mass difference between E° and E _ one simply obtains that the rates 
for decays into E °n and E - p states are simply related by: 

^ = 2, (11) 

1 E °n 

and it is sufficient to calculate the decay rates Ta™ and r s o n . 

We adopt a meson-exchange description of the weak transition potential including n, rj, 
K, p , oo and K* mesons (these contribute to the one-meson-exchange part, denote by OME 
in the following) together with a two-pion-exchange mechanism (TPE). The latter has been 
obtained from the AN —> AN scalar-isoscalar two-pion-exchange strong interaction poten¬ 
tial derived in Ref. [19] by a chiral unitary approach and consists in both an uncorrelated 
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and a correlated part. The present work is the first one to include the TPE mechanism. 
Since isospin is conserved in strong vertex, the AA —y An decay process has isoscalar char¬ 
acter and only the rj, K, u , K* exchange and TPE contribute, while for AA —> E°n isoscalar 
transitions are prohibited and the contributing mesons are n, K, p and K*. At the OME 
level one naively expects the AA — > An decay (AA — > E _ p, AA —> E°n decays) to be domi¬ 
nated by K -exchange ( 7 r-exchange). In particular, from the AA — > An (AA —> E°n) channel 
one could obtain information on the A A K (AE K) vertex; these vertices are important to 
constrain SU(3) chiral perturbation theory [9]. 

Analyzes of E formation spectra in the ( K~ , 7r ± ) and (7 r + , K + ) reactions showed that the 
E-nucleus potential has a substantial isospin-dependence and, with the exception of very 
light systems (the only quasibound state of a E in a nucleus has been observed in |He), is 
repulsive: Vs ~ +(10 — 50) MeV at normal nuclear density. In the present calculation we 
adopt the value Vs = +30 MeV. 

III. RESULTS 

The calculations refer to the mass range corresponding to the experimentally accessible 
j^Be and //B hypernuclei. Practically, the calculations are performed with A = N+Z + 2 = 
12 and an equal number of neutrons and protons, N = Z = 5. We verified that the numerical 
results does not change appreciably by changing A by one or two units: we will refer to them 
as the results for A ~ 12 double-A hypernuclei. 

In Table I we give our results for the AA -+ An, AA —> E °n and AA -+ E ~p weak decay 
widths. Predictions are given for the individual meson exchanges and for the most relevant 
combinations among them. Note that the results for are obtained as T^-p = 2r s o n 
since only A/ = 1/2 transitions are considered here. As anticipated, the rate TA n (T^o n ) 
has no contribution from isovector (isoscalar) mesons. 

In the OME sector the rate TA n receives major contributions by K— and /U-exchange. 
The r] contribution is smaller but non-negligible. Instead, both the ^-exchange and the 
TPE contributions are negligible; the TPE provides the smallest contribution. The addition 
of K— and iP*-exchange provides a decay rate which is about 65% larger than the complete 
result for Ta™ because of a constructive interference between the two meson contributions. 
However, the further addition of the 77 meson, due to a destructive interference, lowers the 



TABLE I: Results for the AA —> An, AA —> E°?r and AA —> T,~p weak decay widths in A ~ 12 
double-A hypernuclei are given as a percentage of the free A decay rate. Predictions are given for 
the individual contributing mesons and for the most relevant meson combinations. 


Model and Ref. 

Tah 

hs°n 

hs-p 

7T 

- 

0.070 

0.140 

K 

1.73 

0.001 

0.002 

V 

0.35 

- 

- 

P 

- 

0.001 

0.002 

I<* 

0.84 

0.002 

0.004 

OJ 

0.01 

- 

- 

TPE 

0.002 

- 

- 

7T + K + K* 

4.14 

0.081 

0.162 

it + K + K* + rj 

2.57 

0.081 

0.162 

All 

2.48 

0.084 

0.168 


decay rate to be only 4% larger than the complete result. 

The rates T s o n and T s - p are much smaller than TA n and, as expected, are dominated 
by 7 T-exchange. Much smaller single contributions originate from A'-, K*- and p-exchange. 
However, the combined effect of these mesons is to increase the rates by about 20% thanks 
to constructive interference effects. From the kinematics point of view, mesons heavier 
than the pion are expected to contribute less to the rates Tvo n and T^- p than to the rate 
Ta™ since the AA —> An process is characterized by larger momentum transfers than the 
AA —» S°n and AA —» processes. This is confirmed by the results of Table I: the 
Ta™ rate receives substantial contributions from K-, K*- and 77 -exchange, while Tso n is 
dominated by 7r-exchange. 

Before comparing the above predictions with those obtained in previous calculations, in 
Table II we present our results for the nucleon-induced non-mesonic decay rates together 
with determinations from Refs. [9, 10]. Our predictions for T„ and T p in A ~ 12 double-A 
hypernuclei are larger than previously obtained for A A He; indeed, it is well established that, 
in single-A hypernuclei, the values of the AN —> nN rates are increasing as a function 
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TABLE II: Predictions for the nucleon induced non-mesonic weak decay rates for A ~ 12 double- 
A hypernuclei. The results of the present work are given together with previous ones available for 
AA He [9, 10]. The decay rates are in units of the free A decay width. 


Model and Ref. 

T n 


T n /Tp 

Tn — Tn + Tp 

This Work {A ~ 12) 

0.48 

1.12 

0.43 

1.60 

OME (6 A He) [9] 

0.30 

0.66 

0.46 

0.96 

7r + 27 r/p + 27 t/o ( AA He) [10] 

0.295 

0.441 

0.669 

0.736 


of A and saturate for A ~ 20. One expects the neutron- and proton-induced rates for 
a double-A hypernucleus to be larger than twice the corresponding rates for a single-A 
hypernucleus with one unit less mass number: Tn(aa^) > 2Tn( a -1 ^)- Apart from the fact 
that a double-A hypernucleus has twice the number of A’s than a single-A hypernucleus, 
one has to consider that the binding energy of a A is larger in AA Z than in A ~ 1 Z. This 
is well confirmed experimentally by binding data on AA He and A He. The same behavior is 
expected in our mass range [22], although for increasing A the A binding energies for double- 
A and single-A hypernuclei should converge towards a common value. Our results confirm 
the described behavior: the total nucleon-induced non-mesonic decay rate obtained for an 
A = 12 double-A hypernucleus, Tn = 1.60 T A ee , is about 5% larger than twice the same rate 
we obtain within the same framework and weak potential model for A X B, Tn(a 1 B) = 0.76 Ta® 6 . 

In Table III our final results for the AA —> An, AA —> S°n and AA —> T,~p decay rates 
in A ~ 12 double-A hypernuclei are given together with existing calculations for AA He and 
“Be [9-11], 

Our calculation is easily comparable with the finite nucleus (single-particle shell model) 
OME calculation of Ref. [9] since TPE turned out to give a negligible contribution in the 
present calculation and the OME models employed in both works have the same pseudoscalar 
and vector mesons content. Our predictions for Ta™, T s o n and T s - p are smaller, by 30-40%, 
than the ones of the finite nucleus calculation. We think this is mainly due to the fact that 
in Ref. [9] a lighter hypernuclueus, AA He, was considered. Indeed, we proved numerically 
that the A-induced A decay rate Ta = Ta™ + T s o n + T s - p decreases for increasing mass 
number A: a decrease of 2% in the rate TAn is obtained if the calculation is performed with 
A = 10 instead of A = 12 (note that our LDA calculation cannot be extended to small mass 
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TABLE III: Predictions for the AA —> An, AA —> £°n and AA —> T>~p weak decay rates for A ~ 12 
double-A hypernuclei of the present work and for A A He and AA^e from previous works. The decay 
rates are in units of 10 -2 T A ee , T A ee being the free A decay width. 


Model and Ref. 

TAn 

TvOn 


This Work (A ~ 12) 

2.48 

0.08 

0.17 

OME (6 A He) [9] 

3.6 

0.13 

0.26 

7T + K + u + 27 t/p + 27r/cr (]( A He) [10] 

5.3 

0.10 

0.20 

7r + K T uj T 27 x/p + (aaH* 3 ) [10] 

3.4 

0.07 

0.13 

7r + A(6 A He) [11] 

0.03 

0.51 

1.00 

7T +A+DQ (^ A He) [11] 

0.24 

0.65 

0.85 


numbers as A = 6). The results of Ref. [10] of Table III also corroborates this behavior. 
Note instead that the nucleon-induced A decay rate T N = T„ + T p (for both single- and 
double-A hypernuclei) increases for increasing A. The different behavior of Tn and Ta as 
a function of A is easily explained as follows. On the one hand, the rate Tn increases and 
then saturates with A since it somehow measures the number of nucleons which can interact 
with the A, i.e., the nucleons which can induce a AN —> nN decay. On the other hand, 
for increasing A the average distance between two A’s in a double-A hypernucleus increases 
and thus the rate Ta decreases. Our A-induced predictions exhibit a similar behavior of the 
ones of Ref. [9], which also enforced the A/ = 1/2 rule: the ratio Y^n/Y^n is about 28 in 
the finite nucleus approach, while in the present work: 


Tah 

r s o n 


~ 30. 


( 12 ) 


Another ratio between decay rates deserves to be considered: it involves the neutron- 
induced rate T n and the A-induced rate Ta™. One expect the Y n /Y^ n ratio to be driven by 
the number of An pairs in the hypernucleus, i.e., by the number of neutrons N n that can 
induce the non-mesonic decay. In a naive picture, Y n /Y\ n is proportional to N n . We obtain: 



Y\n 


19.4, 


(13) 


while in the finite nucleus approach of Ref. [9] Y n /Y^ n ~ 8.3. The different results are 
mainly due to the different neutron numbers in the two calculations, N n = 5 in the present 


11 



r\j 


2.3, while the 


calculation and N n = 2 in Ref. [9]: indeed, (T n /r An ) Nn= 5 /(r n /r An ) Nn=2 
corresponding ratio between the neutron numbers is 5/2 = 2.5. 

In Ref. [10], a phenomenological, correlated two-pion-exchange (2tt / a+ 2 ti / p) mechanism 
was added to a 7 t + K + ^-exchange model for a finite nucleus calculation for AA He and 
(° x Be. The authors found an improvement in the calculation of the T n /T p ratio for single- 
A hypernuclei by including the 2tt j a and 2tt/ p potentials [20] together with K -exchange 

[10] . We note that in Ref. [10] the same A wave function previously adopted for |He was 
used for AA He, despite, as explained above, a A is more bound in AA He than in A He. This 
assumption leads to an underestimation of the T„ and T p decay rates reported in Table II 
for AA He. Concerning double-A hypernuclei, in the same paper the wave function of AA He 
Q^Be) was described by an a + A + A three-body cluster model (a + a + A + A four- 
body cluster model). Although the final results for j^Be are not very different from ours, 
a dominant contribution from 27r/cr-exchange to the A A —> An decay rate is obtained; this 
behavior is not confirmed by the chiral unitary approach based TPE mechanism adopted 
in the present study. The lack of details from Ref. [10] does not allow us to understand 
the origin of such a discrepancy. The ratio T An /Ty;o n is about 53 (49) for ]( A He (ft Be); 
both results are larger by about 80% than what found in the present paper and in Ref. [9]. 
Furthermore, the ratio Y n /Y An is about 5.6 for AA He, i.e., about 30% less that found in the 
finite nucleus calculation of Ref. [9] for the same hypernucleus. 

In Ref. [11] an hybrid quark-meson approach is instead adopted, which includes it- and 
iC-exchange at long and medium distances and a direct quark mechanism (basically, a 
valence quark picture of baryons based on an effective four-quark weak Hamiltonian) to 
account for the short-range part of the processes. The direct quark mechanism provides a 
large contribution to the T An , T s o n and T s - p decay rates and strongly violates the isospin rule 

(11) (see the results in Table III). We note that the tt + K calculation provides T^/T^o^ = 
0.06, in strong disagreement with the other calculations of Table III. We note that a simple 
evaluation in terms of the weak and strong coupling constants involved in the AA —> An 
decay mediated by the K meson and the AA —> S°n decay mediated by the n meson 
indicates that the ratio T^ n /Tvo n (which is a good approximation of the ratio T An /T s o n ; see 
the results of Table I) has to be larger than 1. When compared with the results of the present 
paper and of Ref. [9], the very small value of T^" n /r£o n originates from a ‘very small’ K— 
exchange (‘large’ 7r-exchange) contribution to the AA — > An (AA —> S°n) channel. We point 
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out the strong disagreement concerning A-exchange: rf n /(10 2 T% ee ) is 0.03 in the hybrid 
quark-meson approach, while it is 1.7 (2.7) in the present approach (in the finite nucleus 
calculation of Ref. [9]). For the complete calculation, the hybrid quark-meson approach 
provides Fa^/Fso,,, ~ 0.37. 

As mentioned, no data is available on A-induced A decays, apart from the claim [8] 
for the observation of a single event in the KEK hybrid-emulsion experiment which led 
to the observation of the so-called NAGARA event concerning the observation of the ® A He 
hypernucleus. The authors interpreted this event as a weak decay of an unknown strangeness 
—2 system into a T,~p pair. This result is difficult to interpret since the KEK experimental 
branching ratio (BR) for this process is of the order of 10 -2 while for the AA — > T,~p decay 
in a double-A hypernucleus the BR is evaluated to be of the order of 10 -3 in the present 
work as well as in the previous determinations of Refs. [9, 10]. As done in Ref. [8], one could 
also speculate that the observed event corresponds to a decay of an 77-dibaryon. As far as 
we know, there is only a dated calculation [21] concerning the H —> T,~p process, which, 
adapted to the case of a double-A hypernucleus, provides a BR of the order of 10~ 2 . Future 
measurements will be essential not only to establish the A-induced A weak decays studied 
here but also in order to clarify the question of the existence and nature of the 77-dibaryon 
and eventually to establish its role in defining the properties of double-A hypernuclei. 


IV. CONCLUSIONS 

A microscopic diagrammatic approach is used to evaluate the nucleon- and A-induced 
A decay in double-A hypernuclei. The calculation is performed in nuclear matter and then 
extended to finite hypernuclei with mass numbers A ~ 12 (^Be and a\B are experimentally 
accessible cases) by means of the local density approximation. The present approach is the 
Erst one which takes into account the full one-meson-exchange weak transition potential to¬ 
gether with a two-pion-exchange contribution. The one-meson-exchange potential contains 
the mesons of the ground state pseudoscalar and vector octets, while the two-pion-exchange 
potential includes correlated and uncorrelated contributions and is obtained from the chiral 
unitary approach of Ref. [19]. Such a complete potential model proved to be of crucial 
importance in consistently explaining the whole set of decay data on single-A hypernuclei 
[!]• 
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We confirm that the neutron- and proton-induced decay rates for the hypernucleus AA Z 
with A ~ 12 turn out to be larger (by about 5%) than twice the corresponding rates for the 
single-A hypernucleus A ~ 1 Z] data indicates that the binding energy of a A is indeed larger 
in AA Z than in A ^Z. 

The two-pion-exchange mechanism turns out to provide a negligible contribution to the 
AA — > An non-mesonic decay of double-A hypernucleus. The rate TA n receives the major 
contributions from K— and iW-exchange (however, the r\ meson cannot be neglected). The 
rates Tso,, and T s - p , which are much smaller than Tah (TAn/r s o n = 29 and r s - p /r s o n = 2 
in virtue of the A/ = 1/2 isospin rule), are dominated by 7T-exchange. 

The total A-induced decay rate, Ta = TAn + T s o n + T s - p , amounts to about 1.7% of the 
total non-mesonic rate, Tnm = T n + T p + Ta- We also find that the rate Ta decreases as 
the hypernuclear mass number A increases since the average distance between two A in a 
double-A hypernucleus is an increasing function of A. 

Our final results for TAn, r s o„ and T s - p are in fairly good agreement with the ones of 
Refs. [9, 10] and in strong disagreement with those of Ref. [11], 

We hope the present work may contribute to the start of a systematic investigation on 
the non-mesonic weak decays of double-A hypernuclei. No reliable experimental evidence of 
interesting processes such as A A —> An, A A —> S°n and A A —> is available at present. 
Future measurements will also be essential to clarify the question of the existence and nature 
of the iL-dibaryon and eventually to establish its interplay and/or mixing with the A A pair 
in determining the structure and weak decays properties of double-A hypernuclei. New 
experimental programs at J-PARC and FAIR should thus be strongly supported. 

Appendix A 

We present here the formal derivation of Eq. (5) which is used to calculate the decay rates 
in the local density approximation (LDA). Let us start by introducing the A pair wave func¬ 
tion in coordinate space, il)\\(r,r r ). In a double-A hypernucleus both hyperons are paired 
in the lowest energy single-particle state Is. In the independent-particle approximation, 
■0aa(t*, r ') is simply factorized in terms of the individual A wave functions and 0a (u') 

associated to the same energy eigenvalue: 

'0aa(^,^ / ) = '0a(^)0a(^') • (Al) 
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Let us denote with k and k' (pi and p?) the momenta of the initial A’s (final hyperon 
and nucleon) for the AA —>■ YN decay. In the LDA one introduces the following rate for 
such a decay: 

r YN (k) = I dr J dr'\ij) AA (r, r')\ 2 T YN (k, r, r') , (A2) 

k being the momentum of one of the initial A’s. The final momenta pi and P 2 are integrated 
out to obtain Pyjv(fc, v, r'). Note also that momentum conservation, i.e., k' = p\ + p? — k , 
implies that only one of the initial momenta (k) is an independent variable once pi and P 2 
are integrated out. This is the reason why the integrand in Eq. (A2) is independent of k'. 

The rates for finite hypernuclei are thus obtained through the relation: 

Ty TV = J dk \^ A (k)\ 2 r YN (k) , (A3) 

-0A (p) denoting the Fourier transform of i/? A (r). 

Let us denote with r the spatial point in which the final nucleon is created and with r' 
the spatial point in which the initial A converts into the final A. Then, introduce a local 
nucleon Fermi momentum depending on the position in which the final nucleon is created, 
kp(r) = {37r 2 p(r)/2} 1 / 3 , p(r) being the density profile of the nuclear core. It follows that the 
function TyA r(k,r,r') is independent of r' and can be written as Tyjv(fc, kp(r)). Finally, 
from Eqs. (Al)-(A3) one simply obtains Eq. (5), which formally is the same relation used 
for the AN —> nN non-mesonic decays. 

Appendix B 

Before presenting expressions for the evaluation of Ty;o n and T s - P , we call attention to 
some changes in the baryon coupling constants with respect to our previous work. As 
mentioned, the expressions for the functions S T (q), S f T (q), Pi, tT (q), Pc,t(q )> Pt,t{<1 ) and 
S V:T (q) appearing in the weak transition potential \y AA ^ YN of Eqs. (6) and (7) are given in 
Appendix B of Ref. [18], where they refer to the y AN ^ NN potential. 

The \/ AA ^ An transition potential, which is isoscalar, is obtained by fixing r = 0 in 
Eqs. (6) and (7) and by making the following replacements for the strong coupling con¬ 
stants: g NNv -> g AAri , g% Nco ->• g\ Ku , gJj Nu] ->■ gl Aul . Analogously, the NNK and NNK* 
weak parity conserving (PC) and parity violating (PV) coupling constants are replaced by 
the AA K and AA K* couplings, respectively. The two-pion-exchange weak potential has 
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been obtained from the AN —> AN scalar-isoscalar two-pion-exchange strong interaction 
potential (including correlated and uncorrelated contributions) derived in Ref. [19] by a chi¬ 
ral unitary approach. This is obtained by replacing the g W NN strong coupling constant by 
the weak parity-conserving coupling B n = —7.15 associated to the experimentally accessible 
ANn vertex. 

For the y AA ^ E ° n transition potential, which is isovector, we instead fix r = 1 in Eqs. (6) 
and (7). The relevant coupling constants are obtained from the y AN ^ NN ones by the 
following replacements. For the strong coupling constants: gNNir —* S'astt, 9nn p 9az p 
and gJf Np ->• gl Ep , while for the weak coupling constants: C%% K ->• C£§ K , C^ NK ->• C^ K , 

CjsrNK* ^AEK* allC l Q NNK * ^ Q\S K*' 

As explained in the text, by neglecting the small mass difference between the hyperons 
E° and E“ ', isospin considerations lead to = 2r s o n . 

After performing the summations over spin and isospin together with the energy- 
integration one obtains the antisymmetrized AA —» E°n decay rate in nuclear matter as: 


7r 


r T,°n(k,kF) — —(Gpm^y 


d 3 pi f d 3 p 2 


(2 Wy(q) — W exch (q, Q)) 


(2vr)3 J (2tt)3 
x6>(|p 2 | - k F ) S(k 0 + k' 0 - E E o(p 1 ) - E n (p 2 )), 


where E\ (E n ) is the total A (neutron) energy. For the direct and exchange terms, the 
momentum matrix-element of the interaction turn out to be: 


W? ir (q) = {S 2 (q) + S?(q) + P L 2 M + P^(q) + 2 P^q) + 2 ^(q)} , (Bl) 

and 

W exch (q,Q) = (q ■ Q)Si(q, Q) + (2(q ■ Q) 2 — l)P L ,i(q)PL,i(Q) 
+2((q-Qf-l)P TA (q)P TA (Q) 

-2(9 • Q) 2 {PlMPt,i(Q ) + P l ,i(Q)PtM) 

+PcAq)Pc,i(Q ) + PcMPl,i(Q) + PcAQ)Pl,M 
+2 (PcMPtAQ) + PcAQ)PtAq )), (B2) 

respectively, where Q = q + k' — k and: 

Si (q,Q) = (SAq) + S’MysyQ) + S[(Q)) 

^(S^SvAQ) + SvAq)Si(Q)) 

+2 (S[(q)S Vil (Q) + S V) i(q)S[(Q)) . (B3) 
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The finite hypernucleus decay rate Ty^ is then obtained by means of the LDA of Eq. (5). 
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